INTRODUCTION
The oldest known mollusc-bearing, long-lived endemic bivalve fauna in the world was reported in the Paraná lake/ sea (Passa Dois Group), Late Paleozoic (Wesselingh, 2007) . This bivalve fauna, firstly described by Holdhaus (1918) , was revised by Runnegar and Newell (1971) and has gained renewed systematic , Simões, RochaCampos, Anelli, 1998 Mello, 1999) , paleoecological (Ghilardi, 1999; Kowalewski et al., 2000; Ghilardi and Simões, 2002) , and taphonomic (Torello and Simões, 1994; Simões, Torello, Rocha-Campos, 1996; Simões and Kowalewski, 1998; Simões et al., 2000a; Simões and Torello, 2003) attention during the last decades (Wesselingh, 2007) .
During the Permian, the Paraná lake/sea was an aquatic island of diversity and endemicity within a continental interior (Eastern Gondwana) (Runnegar and Newell, 1971; Simões, Rocha-Campos, Anelli, 1998; Wesselingh, 2007) . According to Runnegar and Newell (1971) , the evolution of the Passa Dois Group molluscan fauna can be considered a distinct chapter in the evolutionary history of Bivalvia Class. Runnegar and Newell (1971) compared the evolution of the Passa Dois Group bivalve fauna with that of Pontian radiation of Caspian and Black seas during the Neogene. Stanley (1979 Stanley ( , 1990 argued that the isolated Paraná Basin was a site of similar but less dramatic molluscan radiation during the Permian. According to this author, the Paraná Basin illustrates the importance of geographic factors in the control of evolutionary radiations. However, the more realistic scenario of this in situ evolution is obscured by the poor and biased knowledge of the systematics of the Passa Dois Group molluscan fauna. For example, most of the published papers dealing with the systematics of mid-Permian bivalves of the Paraná Basin are from the interval of Pinzonella illusa and Pinzonella neotropica biozones, in the middle and upper portions of the Teresina and Corumbataí formations (Rohn, 1994) . Actually, even in the classical monograph of Runnegar and Newell (1971) , the bivalves of these two biozones were studied in preference to others. This is because, in such intervals, the bivalves are found in bioclastic sandstones and coquinas, where the shells are silicified and, usually, well preserved. The bivalves of the Irati (Kazubek and Simões, 2003) and Serra Alta formations (Maranhão, 1986) as well as those of the Serrinha and Morro Pelado members of the Rio do Rasto Formation (Rohn, 1994; Rohn and Simões, 1997) are still poorly studied and described. Hence, at the present time, the exact number of species is unknown (due to the poor preservation of some earlier described taxa, mostly from the Serra Alta and Rio do Rasto formations, as well as, the fact that some important systematic studies, such as Maranhão, 1986 and Rohn, 1988 , were not be published). The impact of the study on the evolutionary history of this spectacular molluscan fauna is obvious: we do not know well the biodiversity and morphological disparity that resulted from the in situ evolution of the bivalve mollusks within the Paraná lake/sea during the Permian.
Despite the comments above, the continuous search for bivalves in the classical mid-Permian strata, cropping-out in the Corumbataí River valley, in the city of Rio Claro, State of São Paulo, has resulted in the identification of a new bivalve species. In this brief contribution, we presented, by the first time, the occurrence of rare specimens of Othonella araguaiana Mendes, 1963 , in the Permian strata of the State of São Paulo. This bivalve mollusk species was originally observed in coeval rocks of the Estrada Nova Formation (= Corumbataí Formation) in the Alto Araguaia and Alto Garças regions, State of Mato Grosso. This new find is important because the studied shells are well preserved, helping us to add new information about the morphology and systematic affinities of this species, a controversial issue since early 60's (see Mendes, 1963; Runnegar and Newell, 1971) , as well as, the taxonomic composition of the molluscan fauna of the P. illusa biozone.
BACKGROUND The enigmatic Othonella araguaiana
The genus Othonella and the species O. araguaiana were proposed by Mendes (1963) for small (length of ~3 cm) silicified shells found in coquinas and bioclastic sandstones of the Corumbataí Formation, of the State of Mato Grosso. The original material described by Mendes (1963) is housed in the Scientific Collection of Geosciences Institute of the University of São Paulo. This material came from three main sites in the region of the Alto Araguaia River, State of Mato Grosso, where the Permian strata of the Paraná Basin are exposed (see Almeida, 1954 Runnegar and Newell (1971) and Simões et al. (1997) demonstrated that most of the thick-shelled, infaunal suspensionfeeding bivalves of the Passa Dois Group, bearing a massive blunt tooth in the right valve, could be assigned to Megadesmidae, a compact group of Late Paleozoic marine bivalve mollusks. Runnegar and Newell (1971, p. 29) considered O. araguaiana as a synonym of Plesiocyprinella carinata Holdhaus, 1918 , due to the fact that the type specimens of Mendes (1963, Figures 3 and 4) have shell shape and hinge similar to those of P. carinata (Runnegar and Newell, 1971, p. 32) . In addition, these authors called attention to the poorly preserved nature of Mendes' specimens. However, later in the same paper, Runnegar and Newell (1971, p. 33) considered Othonella as a distinct genus of Megadesmidae. Hence, we could ask if Othonella is indeed a valid genus or a synonym of Plesiocyprinella. The identification of new specimens, as well as, their extensive laboratory preparation made it possible for us to analyze the hinge features and muscle scars and address the issue above.
MATERIAL AND METHODS
In this study, we have analyzed new specimens of O. araguaiana from the Corumbataí Formation (Figures 1 and  2 ) as well as, the type material of Mendes (1963) from the same lithostratigraphic unit of the State of Mato Grosso. Altogether, six specimens were examined, including five silicified shells and one internal mold. The internal anatomical characters of these specimens, including the muscle scars and hinge, were, described in detail for the first time. The type material (four specimens) is housed in the scientific collection of the Institute of Geosciences, University of São Paulo, under the code DGP-7. The two new studied specimens are reposited in the Scientific Collection of the Department of Zoology, Institute of Biosciences, São Paulo State University, Botucatu campus, under the code DZP.
The new specimens were found in a sandstone bed in the middle portion of the Corumbataí Formation (middle Permian), P. illusa biozone (sense Rohn, 1994) (Figures  1 and 2 ). The specimens were collected and prepared using standard paleontological techniques (Feldmann, Chapman, Hannibal, 1989) . In the study area, Rio Claro region, the best and most extensively studied exposures of this unit are in the Corumbataí River valley ( Figures  1 and 2 ) (Mendes, 1952; Landim, 1970) . For this study, we focused our sampling efforts on the so-called "Ferraz shell bed" (Simões and Kowalewski, 1998) , a proximal tempestite bed that is intercalated within a monotonous sequence dominated by violet siltstones with wave and lenticular bedding ( Figure 2 ). This bed is well exposed in a road cut located about 1.5 km from the abandoned (Simões and Kowalewski, 1998) . Othonella shells were found in Unit 2 and 4 of the bivalve-rich sandstone.
Ferraz Railway Station (Figure 1 ). According to the detailed stratigraphic and taphonomic analysis made by Simões and Kowalewski (1998) , the Ferraz shell bed consists of four distinct microstratigraphic units. They include, from bottom to top (Figure 2 ), a lag concentration (Unit 1), a partly reworked storm deposit (Unit 2), a rapidly deposited sandstone unit with three thin horizons recording episodes of reworking (Unit 3), and a shell-rich horizon generated by reworking/winnowing, which was subsequently buried by storm-induced obrution deposit (Unit 4). The studied specimens of O. araguaiana were recorded in the microstratigraphic unit 2 (DZP-17928) and 4 (DZP-2764) (Figure 2) .
Finally, the suprageneric systematics is based on Morris, Dickins and Astafieva-Urbaitis (1991), and, at the family level, on Runnegar and Newell (1971) , Runnegar (1974) and Simões et al. (1997) .
RESULTS

Systematic Paleontology
Family MEGADESMIDAE Vokes, 1967 Subfamily PLESIOCYPRINELLINAE Simões et al., 1997 Othonella Mendes, 1963 Diagnosis. Shell elongated, sub-triangular, nongaped, with faintly marked umbonal carina. Hinge of right valve with an elongated, non-bifid, megadesmid tooth. Pallial line non-sinuate, striated and anteriorly dotted, not crossing adductor muscle scars; umbonal elevator and accessory muscle scars (a, b, ava) absent; mantle muscle (pits) present. Anterior adductor, pedal and protractor muscle scars not fused.
Type-species. Othonella araguaiana Mendes, 1963 , by monotypy and original designation. Mendes, 1963 Figure 3 Type-material. The lectotype (here designated) is DGP 7-982 (Mendes, 1963, Figures 3a and 3b) from P. illusa biozone, Estrada Nova Formation (= Corumbataí Formation), was found in a coquina from Alto Garças, Mato Grosso, near the old powerhouse unit. The paratypes (here designated) are DZP-2764 and DZP-17928 from the P. illusa biozone, Corumbataí Formation, found in a sandstone bed (Ferraz shell bed) from Rio Claro, São Paulo.
Othonella araguaiana
Diagnosis. Shell small (~3cm in length, see Table 1 ), elongated, sub-triangular, with a well defined non-bifid, blunt tooth in the right valve, and a corresponding socket in the left valve. Anterior adductor muscle scar subquadrate; posterior adductor muscle scar elongated, placed behind umbonal carina. Anterior adductor, pedal and protractor muscle scars not fused. Pallial line relatively wide, without pallial sinus, striated and anteriorly dotted, not crossing adductor muscle scars. Accessory muscle scars absent.
Description. Shell sub-triangular, thick, equivalved, inequilateral, moderately elongated, inflated ( Figures  3A, 3B, 3D, 3I ). Umbonal region low, with slightly prosogyrous beaks ( Figures 3G and 3I ), slightly elevated above hinge area; posterior umbonal carina rounded, faintly marked ( Figure 3H ). Lunule and escutcheon absent. Shell surface ornamented with well-marked growth lines of varying width, irregularly spaced ( Figure 3H, J) . Ligament opisthodetic, parivincular, external, attached by short nymphs ( Figure 3I ). Anterior dorsal margin straight, anterior extremity rounded; ventral margin convex, posterior extremity truncated with poorly defined respiratory margin; posterior dorsal margin straight. Hinge of right valve with anterior triangular socket, followed posteriorly by triangular blunt tooth ( Figures 3A, 3D, 3I, 3K) . Hinge of left valve with anterior triangular blunt tooth followed posteriorly by deep triangular socket ( Figure 3G ). Lateral teeth absent. Adductor muscle scars anisomyarian ( Figure  3C ). Anterior adductor scar dorsoventrally elongated, close to the anterior margin; anterior pedal protractor and retractor scars small, positioned above adductor, not fused ( Figure 3C ). Posterior adductor scar larger than anterior, elongated dorsoventrally, placed behind umbonal carina; posterior pedal retractor and protractor scars not observed ( Figure 3C ). Accessory muscle scars (a, b, and ava, see Runnegar, 1974 ) absent ( Figure 3C ). Pallial line wide, well marked, striated, anteriorly dotted, without sinus ( Figure 3C ). Muscular pits scars present on the umbonal area ( Figure 3C) . Stratigraphic Range. Pinzonella illusa biozone (Mendes, 1952; Rohn, 1994) in both states, São Paulo and Mato Grosso.
Discussion. Based on the shell shape, Runnegar and Newell (1971, p. 29, 31) suggested that O. araguaiana could be a junior subjective synonym of P. carinata. As shown in figure 3 , the shell profiles of both species are distinct. Shells of P. carinata are more triangular, with high, enrolled umbones, and a well marked umbonal carina (Figures 3m to 3p ). In addition, in the right valve of P. carinata, there is a massive cardinal bifid tooth, with the concave ventral surface fitting a prominent ridge in the center of the socket of the left valve (Runnegar and Newell, 1971 , p. 30, Figure 8b ; p. 31, Figure 9a ). The megadesmid tooth in the right valve of O. araguaiana is not as massive as in P. carinata, and nor is bifid. Despite the dissimilarities in the hinge, the shape and size of the anterior muscle scars in P. carinata (Figures 3m to 3p) and O. araguaiana are very similar. On the other hand, the general pattern of the muscle scar arrangement in O. araguaiana, including the striated pallial line and muscular pits on the umbonal cavity, resembles that of the megadesmid Runnegariella fragilis (Simões and Anelli, 1995, p . 168, Figure 6 ). However, the general shell shape of both species is completely distinct, and, in addition to that, R. fragilis has its anterior margin unusually expanded. In summary, despite the affinities with other Permian megadesmids of the Passa Dois Group, O. araguaiana is a distinct member of the endemic fauna of the P. illusa biozone.
DISCUSSION
Biostratigraphic and evolutionary implications
According to our results, shells of O. araguaiana are present in the rocks of the interval of the P. illusa biozone (Figure 4 ) of the eastern border of Paraná Basin. This indicates that this species, which was reported to be restricted to the northern border of the basin, Mato Grosso region, has a wider paleobiogeographic distribution than previously thought. In the State of Mato Grosso, the P. illusa biozone includes the following species: Terraia aequilateralis, Plesiocyprinella carinata, Holdhusiella elongate Holdhaus, 1918 , Ferrazia cardinalis Reed, 1932 , Cowperesia sp., plus O. araguaiana. In the type area of the P. illusa biozone, Corumbataí River valley, State of São Paulo, the sedimentary strata have yielded exactly the same taxa mentioned above, plus Roxoa intricans Mendes, 1952 , Coxesia mezzalirai Mendes, 1952 , Favalia arcuata Mendes, 1962 , and other undescribed shells. In other words, the Permian bivalve association of Alto Garças, Mato Grosso, is the same of that of the Corumbataí Formation from the State of São Paulo, where the main horizons are found 50 meters below the Pinzonella neotropica interval (Mendes, 1952 (Mendes, , 1963 . The fact that, in the type area of the Corumbataí Formation, the P. illusa association is more diverse is, in part, a sampling bias. The "Ferraz shell bed" and other coeval bioclastic sandstones of the Corumbataí Formation are among the most sampled Permian strata in the state (or even in the basin). Based on our experience with the Permian bivalves of the Paraná Basin, the intensity and duration of sampling program are important (Simões et al., 2000b) , since both, quality and quantity, are expanded with the increase in sampling effort (see also Newell and Boyd, 1995; Newell, 1999) . x1, 3 . N. Dorsal view of an internal mold, same specimen, x1.3. O. Muscle scars based on the same specimen, dorsal view, x1.3. P. Muscle scars based on the same specimen, left valve view, x1.3. Legend (muscles scars): aa = anterior adductor, app = anterior pedal protractor, apr = anterior pedal retractor, mp = muscles pits, pa = posterior adductor, pl = pallial line.
As described above, the spatial homogeneity of the fauna of the interval of P. illusa biozone cannot be easily explained within the paleogeographic context of Paraná lake/sea, during the mid Permian. There is a consensus that during the deposition of the Corumbataí Formation, the basin was mostly isolated from the open ocean waters, when siliciclastic, subtidal and intertidal settings prevailed. After the maximum flooding stage (Palermo and Irati formations) and still-stand (black shales of the Irati Formation) the sea level began to fall slowly, and the Paraná Basin became isolated (Beurlen, 1957; Runnegar and Newell, 1971; Simões et al., 1997; Simões, RochaCampos, Anelli, 1998) . In this moment, the lake/sea was formed. During the deposition of the extensive organic-rich clays of the Irati Formation, widespread anoxic conditions prevailed in the basin. This interval represents an ecological crisis for the benthos (Runnegar and Newell, 1971; Simões, Rocha-Campos, Anelli, 1998; Wesselingh, 2007) . The regressive phase that set in during the deposition of the Teresina and Corumbataí formations was accompanied by the "explosive" and abrupt appearance of an endemic, diverse, bivalve-dominated fauna, mostly represented by burrowing species of Heterodonta (Astartidae) and Anomalodestama (Megadesmidae). The main associations of this interval are represented, from base to top, by the bivalve species of the Anhembia froesi Mendes, 1949, P. illusa and P. neotropica biozones (sense Rohn, 1994) (Figure 4) . Based on the stratigraphic record of the Passa Dois Group, Rio Claro region, State of São Paulo, the oldest known occurrences of the endemic bivalves of the Corumbataí Formation are found nearly 5.02 meters above the base of the Irati Formation (Simões et al., 2000b) .
Our results indicate that during the deposition of part of the interval of the P. illusa biozone, the bivalve species were not geographically restricted to certain areas within the basin (see also Rohn et al., 1995) , as previously thought. How and why the bivalve species became widely distributed in the whole lake/sea in certain intervals (P. illusa, P. neotropica biozones) must be carefully investigated. The basic evolutionary model may involve 3 rd order relative sea level fluctuations, which caused significant onlap variations, due to the very low depositional gradients of the basin (see Rohn et al., 1995; Simões, Rocha-Campos, Anelli, 1998) . In this context, the relative base level falls are related to climatic-controlled variations in the water supply to the basin interior, causing "regressions", during arid or semi-arid and no tectonic activity phases (see Rohn, 1994) . This may have been the time of faunal isolation and in situ evolution, which was followed by water level rises ("transgressions"), during the humid phases, in part, associated with tectonic events, when the fauna reached maximum distribution within the basin. However, the records of mid-Permian cosmopolitan freshwater bivalve groups in the interval of P. illusa and P. neotropica biozones are missing. On the other hand, the recent finds of macro-and microfossils with "true" marine affinities, both in the eastern (brachiopods, Simões and Anelli, 2009) , and northern (ostracods, Almeida, 2005; Do Carmo, 2008, 2009; Tomassi, 2009 ) margins of the basin, may indicate that within the regressive sequence, the drop of sea level could be interrupted by short-lived sea level rises or pulses, showing that the evolution of the bivalvedominated faunas of the Passa Dois Group is much more complex than stressed in the early evolutionary models (Beurlen, 1957; Runnegar and Newell, 1971; Simões, Rocha-Campos, Anelli, 1998) .
Future research opportunities
Despite the advances in our understandings about the evolution of bivalve faunas in the Paraná lake/sea (Runnegar and Newell, 1971; Simões et al., 1997; Rohn, 1994 Rohn, , 2007 .
Rocha-Campos, Anelli, 1998), some key issues (e.g., the ecological context of speciation) are still poorly explored and/or understood. As for other long-lived lake/sea bivalve faunas, much remains to be learned about their evolution, and an absolute prerequisite for this is a combined approach, including rigorous taxonomic, stratigraphic, taphonomic and paleoautoecological treatments of the faunas (see Wesselingh, 2007) . Nearly 90 years after the pioneer study of Holdhaus (1918) , many bivalve-dominated faunas of the Passa Dois Group in the Brazilian portion of Paraná Basin are still poorly documented or undescribed. Particularly unique opportunities for this type of studies are offered by the faunas of the Irati and Serra Alta formations (in the base of the Passa Dois Group), and the Serrinha Member of the Rio do Rasto Formation, at the top of the Passa Dois Group.
CONCLUSIONS
1.
Othonella araguaiana Mendes is a rare bivalve species of the endemic molluscan fauna of the Passa Dois Group (P. illusa biozone). Here we report, for the first time, the presence of this species in Permian rocks of the Corumbataí Formation, cropping-out in the State of São Paulo. The studied shells are better preserved than those originally described by Mendes (1963) , preserving various internal shell characters (e.g., muscle scars, hinge), which allowed a clearer association between them and the other Permian bivalves of the Paraná Basin (more refined designation of its affinities with other Permian bivalves of the Paraná Basin).
2. As previously noted by Runnegar and Newell (1971) , O. araguaiana belongs to Megadesmidae. However, these authors suggested that this species was conspecific with Plesiocyprinella carinata. As discussed above, the study of new specimens found in "Ferraz shell bed", Rio Claro region, State of São Paulo, and a more careful reexamination of type specimens of Mendes (1963) showed that Othonella is a valid genus of Megadesmidae, with shell shape and hinge clearly distinct from those of Plesiocyprinella.
3. The considerations discussed above have important systematic, evolutionary and biostratigraphic implications, since the new occurrence of O. araguaiana in midPermian rocks of eastern margin of the Paraná Basin, demonstrates that: a) the paleobiogeographic distribution of this species is wider than previously reported and not confined to the northern part of the basin; and b) the composition of the molluscan fauna of the Corumbataí Formation of the State of Mato Grosso (northern margin) is the same of the P. illusa biozone found in the eastern margin of the Paraná Basin.
